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DESCRIPTION 



RADIO COMMUNICATION TERMINAL 



Technical Field 
The present invention relates to a radio 
communication terminal which is allowed to make 
communications simultaneously over multiple radio 
channels • 

Background Art 
Conventionally, as a system that connects a 
plurality of channels there exists a communication 
system that uses an ISDN network 51 as shown in FIG. 8. 
According to this communication system, using a 
plurality of wired channels, a telephone set 54 and a 
personal computer (PC) 55, each of which is an 
independent communication terminal, are connected with 
the ISDN network 51 through digital channel terminating 
equipment (DSU: Digital Service Unit) 52 and a TA 
(Terminal Adapter) 3. Each terminal makes 
communications with a communication terminal (not 
shown) which is connected with the ISDN network 51 with 
which the connection has been set up. 

In such a system, when communications are made 
over multiple channels, as many terminals as the 
channels are needed. That is, when an operator 
simultaneously makes communications over multiple 



channels, it is required, for example, for the operator 
to keep multiple terminals at hand and to watch user 
information and status indications provided visibly and 
audibly to user interfaces, such as displays of the 
5 respective terminals, so as not to overlook them. For 

this reason, when the operator is paying much attention 
to communications such as TV telephone communications, 
even if a message communication has come in another 
terminal, the operator overlooks the information or 
2^ 10 cannot pay much attention to the TV telephone 

communications. Thus, a problem arises in that the 
operability is degraded considerably. 

In addition, there are also problems that, since 

□ each terminal has a key entry section, the operation 

yi 

nj 15 becomes complicated and, when an informing sound is 

i 

p emitted, it is unknown which terminal it is emitted 

from. 

These terminals each have a channel interface 
(I/F), a controller, and an man-machine interface, 

20 such as keys and a display, built in. That is, 

communications over multiple channels require as many 
signal processing circuits as the channels (terminals). 
In recent years, the processing capability of CPUs and 
the circuit integration have improved by leaps and 

25 bounds and signal and control processing for the 

multiple channels has become possible with a single 
controller (CPU). Nevertheless, since as many signal 



processing circuits as the communication channels have 
to be provided, there arises a problem in that cost and 
power dissipation increase. 

Thus, the provision of multiple terminals and the 
5 provision of multiple man-machine interfaces 

particularly in radio communication terminals cause a 
problem of significant degradations in the quality of 
products, such as degraded operability, increased cost, 
rj and increased power dissipation. 

10 Disclosure of Invention 

It is therefore an object of the present invention 

y « 

to provide a radio communication terminal which, even 
if an operator uses multiple channels simultaneously, 

Q permits excellent operability, low cost and low power 

Ul 

nj 15 dissipation to be realized. 

D In order to achieve the object, according to the 

present invention there is provided a radio 
communication terminal connected with a base station 
over radio channels for making communications with the 

20 base station comprising: communication means for 

establishing multiple radio channels with the base 
station and making simultaneous communications over the 
multiple channels; and informing means for informing an 
operator at the terminal of information transmitted to 

25 and received from the base station over the multiple 

channels for each radio channel. 

Also, according to the present invention there is 



provided a radio communication terminal connected with 
a base station over radio channels for making 
communications with the base station comprising: 
communication means including first transmission means 
for transmitting information over a first radio channel 
to the base station, second transmission means for 
transmitting information over a second radio channel to 
the base station, first reception means for receiving 
information over the first radio channel from the base 
station, and second reception means for receiving 
information over the second radio channel from the base 
station; display means for displaying data input from 
the input means and a picture received through the 
communication means; communication control means for 
establishing the first and second radio channels 
between the terminal and the base station and 
controlling the communication means to make 
simultaneous communications over the radio channels; 
and display control means for controlling the display 
means to display the information transmitted to and 
received from the base station over the radio channels 
for each radio channel. 

That is, using the input means, the display means, 
the communication control means, and the display 
control means each of which is one in number, 
communications using first and second radio channels 
are realized. Thus, excellent operability, low cost 



and low power dissipation can be realized. 

The communication control means has means for 
making at least voice data communication, video data 
communication, and message data communication, and the 
5 display control means simultaneously displays a picture 

in the video communication and data in the message 
communication on the display means. 

The display control means displays information 
□ concerning either of the first and second radio 

05 10 channels on the display means, and the input means has 

01 

m a plurality of keys for entering data, the plurality of 

1^ keys including a key for switching the information 

■■Si.': 

displayed on the display means to either of the first 
and second radio channels and, when the displayed 
W 15 information is switched, the functions of the keys 

: 

B being changed according to the types of radio channels 

after switching. 

Brief Description of Drawings 
FIG. 1 is a block diagram of a radio communication 
2 0 terminal according to an embodiment of the present 

invention . 

FIG. 2 shows an example of a calling operation 
according to the present invention. 

FIG. 3 shows the arrangement of the baseband 
2 5 signal processing unit in the radio communication 

terminal of FIG. 1. 

FIGS. 4A and 4B show an LCD display on the radio 



conununication terminal of the present invention. 

FIG. 5 is an exterior view of an embodiment of the 
radio communication terminal according to the present 
invention . 

FIG. 6 is an exterior view of another embodiment 
of the radio communication terminal according to the 
present invention . 

FIG. 7 is a block diagram of a radio communication 
terminal according to another embodiment of the present 
invention. 

FIG. 8 shows an example a conventional communica- 
tion system using an ISDN network. 

Best Mode for Carrying Out the Invention 

FIG. 1 shows the arrangement of a radio 
communication terminal 100 which allows two-channel 
simultaneous communications based on the FDMA technique 
as an embodiment of the present invention. 

A radio section 1 is composed of an antenna (ANT) 
11, a duplexer (DPX) 12, transmitters (TXl) 13 and 
(TX2) 16, synthesizers (SYNl) 15 and (SYN2) 18, 
receivers (RXl) 14 and (RX2) 17, a hybrid circuit 19a, 
and a distributor 19b. The hybrid circuit 19a and the 
distributor 19b, while being denoted by the same 
symbol, are differ from each other in function. That 
is, the hybrid circuit 19a has a function of preventing 
the output of the TXl from being coupled with the 
output of the TX2 and vice versa. The distributor 19b 



has a function of distributing received signals from 
the DPX 12 to the RXl and RX2 according to channels. 

A control section 2 is composed of a ROM 21 stored 
with various programs for controlling the operation of 
5 this terminal, a work RAM 22, and a baseband signal 

processing unit BB23 for controlling the entire radio 
communication terminal 100, 

An input-output section 3 is composed of a camera 

0 (CAM) 31, a display driver (DRV) 32, a display (LCD) 

q5 10 33, a microphone (MIC) 34, a speaker 35, a key 

yl 

01 entry section (KEY) 36, a vibrator (VIB) 37, and 

a1 a sounder 38. The LCD 33 displays data inputted by 

i 

the key 36, picture data received through the radio 
'r^ section 1, and video data inputted from the CAM 31. 

Ill 15 The speaker 3 5 outputs voice data inputted through 

D the MIC 34 or voice data received through the radio 

section 1. The user is informed of an incoming call by 
the sounder 3 8 or the VIB 37. 

In FIG. 1 there is illustrated an arrangement that 
2 0 radio communication terminals generally have; however, 

the CAM 31 and/or the VIB 37 may be omitted. 

A power supply section 4 is composed of a power 
supply (PS) 41, a charging circuit (CHG) 42, and a 
battery (BAT) 43. The PS 41 supplies a stabilized 
2 5 voltage to each component of the radio communication 

terminal 100 as a supply voltage. 

Next, the operation of the radio communication 
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terminal 100 as a cellular phone terminal using 
one-radio channel communication will be described. 

First, an operation when the radio communication 
terminal 100 receives an incoming call will be 
described. An incoming call signal is transmitted from 
a base station. The incoming call signal received by 
the antenna 1 is applied through the DPX 12, the 
distributor 19b and the RX 14 to the BB 2 3 where it is 
subjected to signal processing. After that, a response 
signal is transmitted through the TXl 13, the hybrid 
circuit 19a, the DPX 12, and the antenna 11 as 
instructed by the base station. 

Upon receiving a specified response signal, the 
base station determines a message channel and returns a 
channel designation signal to the radio communication 
terminal 100. 

The radio communication terminal 100 receives the 
channel designation signal transmitted from the base 
station over the same route as described above, then 
subjects it to signal processing in the BB 23 and sends 
a control signal to the SYNl 15 to switch a message 
channel to the designated message channel. 

When switching of the message channel has been 
completed and communication over the message channel 
has been established, the operator is informed of 
an incoming call through visual or audible indication 
(for example, an incoming sound is output from the 
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sounder 38 ) . 

When the operator makes a response by depressing 
a service button provided in the KEY 36, the signal 
route of the message channel is connected to the 
input-output equipment used in the corresponding 
communication mode to commence communication with the 
base station. 

When the received signal is an audio signal, the 
input-output section 3 makes further connection to the 
MIC 34 and the SPEAKER 35. When the received signal is 
a TV phone signal, the CAM 31 and the LCD 3 3 are 
connected as input-output equipment. 

Next, an operation when the radio communication 
terminal 100 transmits an outgoing call will be 
described. 

The operator inputs into the BB 23 necessary 
information, such as a communication mode, the phone 
number of a terminal with which the connection is to be 
set up, through the user interface such as the KEY 36 
and then depresses a transmit button provided in the 
KEY 36, thereby inputting a request for the outgoing 
call to the radio communication terminal. 

The outgoing call signal is transmitted from the 
BB 23 through the TXl 13, the hybrid circuit 19a, the 
DPX 12, and the antenna 11. Upon receipt of the 
specified outgoing call signal, the base station 
determines a message channel and then returns a channel 



designating signal to the radio communication 
terminal 100. 

Upon receipt of the channel designating signal 
transmitted from the base station over the same route 
as described above, the radio communication terminal 
100 subjects the designating signal to signal 
processing in the BB 23 and then sends a channel 
control signal to the SYNl 15 to switch to the 
designated channel. 

When channel switching has been completed and 
communication over the message channel has been 
established, a ringback signal is sent out from the 
network side and, when the designated terminal 
connected makes a response, service is established. 

The signal route in the message channel is 
connected to the input-output equipment used in the 
communication mode at the same time the service is 
established. For example, in the case of voice 
service, a voice signal from the MIC 34 is applied to 
the TXl 13, and a voice signal received by the RXl 14 
is amplified and applied to the speaker 35, whereby 
communication is made. 

Next, the operation of the radio communication 
terminal 100 at the time of communication over multiple 
channels will be described. First, an incoming call 
operation in a state where communication has already 
been made using one channel will be described. 



# 



11 



As described previously, when a new incoming call 
is made at the time when one-channel communication is 
being made using the TXll 13 and the RXl 14, an 
incoming call signal is sent from the base station. 
5 The incoming call signal received by the antenna 

11 is applied through the DPX 12, the distributor 19b, 
and the RX2 17 to the BB 23 where it is subjected to 
signal processing. After that, a response signal is 
C3 transmitted through the BB 23, the TX2 16, the hybrid 

01 10 circuit 19a, the DPX 12, and the antenna 11. 

y f 

yi Upon receipt of the specified response signal, the 

rij base station determines a message channel and returns a 

^ channel designating signal. Upon receipt of the 

channel designating signal transmitted from the base 
15 station, the radio communication terminal 100 subjects 

it to signal processing in the BB 23 and then sends a 
control signal to the SYN2 18 to switch to the 
designated channel. 

When channel switching has been completed and 
20 communication on the message channel has been 

established, the radio communication terminal informs 
the operator of the presence of an incoming call by 
visually/audibly informing means (for example, a sound 
of incoming call is produced from the sounder 38). 
25 When the operator makes a response by depressing 

the service button provided in the KEY 36, the message 
channel signal route is connected to the input-output 



111 

nj 



equipment used in the corresponding communication mode, 
whereby communication is commenced. 

Next, an outgoing call operation in a state where 
communication has already been made on one channel 
will be described. 

When information required to designate a 
communication mode and a terminal with which the 
connection is to be set up is input from the KEY 36, 
input-output equipment is selected, and a transmit 
button is depressed, an outgoing call signal is 
transmitted from the TX2 16, the hybrid circuit 19a, 
the DPX 12, and the antenna 11. 

Upon receipt of the specified outgoing call 
signal, the base station determines a message channel 
and returns a channel designating signal. Upon receipt 
of the channel designating signal transmitted from the 
base station over the RX2 route, the portable telephone 
terminal subjects it to signal processing in the BB 23 
and then sends a control signal to the SYN2 18 to 
switch to the designated message channel. 

When the channel switching has been completed and 
communication on the message channel has been 
established, a ringback signal is sent out from the 
network side and, when the designated terminal 
connected makes a response, service is established. 
The signal route in the message channel is connected to 
the input-output equipment used in the corresponding 



communication mode at the same time the service is 
established. 

By such originating and incoming call operations 
as described above, the radio communication terminal 
100 of the present invention can make simultaneous 
communication over two channels. 

Next, an operation when the present invention is 
applied to PHS (Personal Handyphone System) will be 
described. FIG. 2 shows an outgoing call operation 
using two PHS channels. 

The user inputs into the BB 23 necessary 
information, such as a communication mode, the phone 
number of a terminal with which the connection is to be 
set up, through the user interface such as the KEY 36 
and then depresses the transmit button provided in the 
KEY 36, thereby inputting a request for an outgoing 
call to the radio communication terminal. 

The outgoing call signal is transmitted as a link 
channel establishment request signal from the BB 2 3 
through the TXl 13, the hybrid circuit 19a, the DPX 12, 
and the antenna 11 (step SI). Upon receipt of the link 
channel establishment request signal, the network or 
the base station determines a message channel, or 
a link channel and then returns a link channel 
allocating signal to the radio communication terminal 
100 (step S2 ) . 

Upon receipt of the link channel allocating 



signal transmitted from the network over the route of 
the ANT 11, the DPX 12, the distributor 19b and the RXl 
14, the radio communication terminal 100 subjects the 
allocating signal to signal processing in the BB 23 and 
then sends a channel control signal to the SYNl 15 to 
switch to the designated channel. 

When channel switching has been completed and 
communication over the message channel has been 
established, the terminal 100 transfers a call setup 
message (CC) to the network, so that the network starts 
call setup (step S3). 

When the network receives the call setup message 
(CC) and confirms the justice of call acceptance, the 
network transmits to the terminal 100 a call setup 
acceptance message (CC) to indicate that the network is 
processing the call and makes the transition to the 
"outgoing call accepting" state (step S4). 

When instructed to receive notice information, the 
terminal 100 makes a request for the notice information 
through a definition information request message (RT). 
The requested message sends the post information 
through a definition information response message (RT) 
( step S5 ) . 

When requested to make a request for RT function, 
the terminal 100 makes a request for RT function to the 
network. The terminal 100 is informed of the accepted 
RT function through the function request responding 



message (RT) (step S6). 

The terminal 100 informs a secret key of the 
network with a secret key setup message (step S7). 

The terminal 100 instructed to make a request to 
the network for MM function makes a request to the 
network for MM function through a function request 
message (MM). The accepted MM function informs the 
terminal 100 of a random number by transmitting a 
function request responding message (MM) . The network 
is informed of the result of authentication operations 
using an authentication request message (MM) • The 
network which has received the authentication 
responding message (MM) makes a decision of whether the 
result of authentication operations obtained using the 
authentication random number and the authentication 
key in the home memory of the terminal 100 matches that 
sent from the terminal 100. If the result of 
authentication is NG, then a call open procedure is 
initiated according to rules for call disconnection 
restoration. If the authentication result is OK, the 
call connection is continued (step S9). 

Upon receipt of an indication that an incoming 
user call has been commenced, the network transmits a 
calling message (CC) to the terminal (step SIO). 

When a ringback signal (RBT) is sent from the 
network (step Sll) and then a designated terminal makes 
a response (step S12), a service state becomes 



established (step S13). 

At the same time the service state becomes 
established, the terminal 100 connects the link channel 
signal route to input-output equipment adapted for the 
communication mode to make communication. 

When the user at the terminal 100 originates a 
call to another person during this communication, a 
request for link channel establishment is transmitted 
from the BB 23 through the TX2 16, the hybrid circuit 
19a, the DPX 12, and the antenna 11 (step SI'). 

Upon receipt of the link channel establishment 
request signal, the network determines a link channel 
and then returns a link channel allocating signal to 
the radio communication terminal 100 (step S2 * ) . 

The radio communication terminal receives the 
link channel allocating signal transmitted from the 
network over the route of the ANT 11, the DPX 12, the 
distributor 19b and the RX2 17, then subjects it to 
signal processing in the BB 23 and sends a channel 
control signal to the SYNl 15 to switch to the 
designated channel . 

After that, negotiation is performed as in the 
above steps S3 to S12, putting the terminal 100 into 
the service state (step S13'). Thus, using TXl, TX2 , 
RXl, and RX2, the terminal 100 is allowed to make 
simultaneous communication on two channels. 

In the radio communication terminal 100 of 



the present invention, as shown in FIG. 3, the BB 23 
includes a multiple-communication establishment control 
section 231 and a multiple-communication display 
control section 232 in addition to normally equipped 
components. This multiple-communication establishment 
control section 231 allows the radio coimnunication 
terminal 100 to make the above-described simultaneous 
communications. The multiple-communication display 
control section 232 performs control to display 
information concerning communication on each channel 
at the time of communications on two channels on the 
LCD 33. 

The combinations of coimnunications on two channels 
made by the radio communication terminal 10 0 include 
voice communication and message communication, TV phone 
and message communication, and information service 
reception from internet server and voice communication. 

For example, in the combination of TV phone and 
message communication, the present invention provides 
picture and voice outputs of the TV phone and character 
information display in the message communication on 
one unit of input-output equipment. FIG. 4A shows 
a display screen of the LCD 33 when TV phone 
communication is made on one channel, while FIG. 4B 
shows a display screen of the LCD 33 when 
communications are made on two channels. 

That is, as shown in FIG. 4A, in a state where TV 
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phone coininunication is made on one channel, the LCD 3 3 
displays received picture information 33a and picture 
information 33b captured by the CAM 31 and the speaker 
35 outputs received voice information as voice. 

When message communication is made with this state 
continued, the multiple-communication establishment 
control section 231 controls the TV phone coimnunication 
and message communication and the multiple- 
communication display control section 232 displays the 
received picture information 33a and the picture 
information captured by the CAM 31 and displays 
received message information 33c in the lower portion 
of the LCD 33 as shown in FIG. 4B. 

With another embodiment, it is also possible to 
read information concerning two or more persons with 
which the connection is to be set up (phone numbers and 
names) from a telephone directory memory in the radio 
communication terminal 100, make simultaneous 
communications with those persons, and display 
information concerning each coimnunication on the 
LCD 33. 

As described above, the radio coimnunication 
terminal 100 can inform the user of information 
concerning multiple communications with a single 
display unit and hence has excellent operability. 

In addition, the radio communication terminal 100 
of the present invention can display communication 
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information visually and audibly with one user 
interface even in conununications using multiple 
channels, eliminating the necessity of providing a 
plurality of items of input-output equipment. 
Moreover, communication control and display control of 
multiple channels can be performed by one control 
section BB 23, realizing excellent operability, low 
cost and low power dissipation. 

To accommodate multiple channels, key entry 
sections 36a and 36b corresponding to the channels may 
be provided as shown in FIG. 5. In the present 
invention, however, only one key entry section 36 is 
provided which is equipped with a switch SW 361 for 
switching between communication channels at the time 
of multiple-channel communications as shown in FIG. 6. 
For example, when TV phone communication and message 
communication are made simultaneously, depressing the 
switch SW 361 allows switching to be made between 
communications and the key function allocation (i.e., 
mode) to be changed according the service contents of 
each communication. The switching may be made at the 
time at which communications of multiple channels are 
occured. 

Although the radio communication terminal of the 
present invention shown in FIG. 1 has been described as 
being arranged to accommodate two-channel 
communications based on FDMA, the present invention is 



also applicable to a radio communication terminal 100 
which uses a time-division multiplexing system (TDMA) 
as the radio communication system and has one 
transmission/reception system as shown in FIG. 7. 

In the radio communication terminal 100 shown in 
FIG. 7, the radio section 1 is composed of ANT 11, DPX 
12, TX 13, RX 14, and SYN 15. That is, the radio 
communication terminal of FIG. 7 has a single 
transmission/reception system and differs in 
arrangement from the radio communication terminal shown 
in FIG. 1 which has two transmission/reception systems. 
Further, the BB 23 in the radio communication terminal 
shown in FIG. 7 also has a multiple-communication 
establishment control section and a multiple- 
communication display control section shown in FIG. 3. 

Furthermore, the present invention is not 
restricted to the aforementioned radio communication 
systems but can also be applied to a radio 
communication terminal using a code division 
multiplexing (CDMA) system. In the case of CDMA, the 
provision of a single transmission/reception system 
allows two-channel communications, ensuring that power 
dissipation and cost are reduced in comparison with the 
case where two radio communication terminals are used. 

As described above, the present invention has 
a circuit arrangement in one casing that allows 
communications over multiple channels and can display 



user information of the multiple channels and 
communication statuses on a display unit such as LCD 
through the use of one user interface. Thus, since 
user information and statuses can be recognized easily, 
excellent operation is realized. Because there is no 
need of providing a control circuit, a power supply and 
a user interface for each channel, power dissipation 
and cost can be reduced. 



